INTRODUCTION
Improvements in embryo culture can be beneficial in utilizing porcine embryos for various applications. There have been significant improvements in the culture of porcine embryos in vitro. However, in vitro culture of porcine embryos is still suboptimal. Granulocyte-macrophage colony-stimulating factor (GM-CSF) is known to be expressed in the female reproductive tract and the level of its expression is high between conception and implantation (Robertson, 2007) . Previous studies show supplementing GM-CSF in embryo culture promotes embryonic development in human and bovine (Sjöblom et al., 1999; Loureiro et al., 2009 ). There are only limited reports on the effect of GM-CSF on porcine embryo development. The aim of this study is to investigate the effect of GM-CSF on the culture of porcine embryos derived from somatic cell nuclear transfer (SCNT) and IVF.
METERIALS & METHODS
SCNT and IVF embryos were cultured with different concentrations of recombinant porcine GM-CSF (0, 2, 10 ng/ml) at day 1. The embryos were then subsequently cultured in Porcine Zygote Medium 3 (PZM-3) for 5 additional days. Frequencies of cleaved embryos and blastocyst formation were recorded and analyzed by ANOVA following with arcsin transformation. Furthermore, total cell numbers in blastocysts from each group were counted and compared by Student's t-test. Differences at p<0.05 were considered significant.
Based on the previous in vitro study, a concentration of GM-CSF (10ng/ml) was selected to elucidate the effect of GM-CSF on the in vivo development of porcine embryos. SCNT embryos were cultured with GM-CSF and day 6 blastocysts were transferred into surrogates. Two embryo transfers were conducted for the study. Two different donor cell lines were used for each transfer. Number of pigs born from the transfers was monitored to investigate developmental competence of GM-CSF cultured embryos in vivo.
RESULTS
Developmental potential of embryos cultured with GM-CSF is shown in Table 1 . Incubation of SCNT embryos with GM-CSF did not affect the frequency of cleaved embryos. Interestingly, both concentrations of GM-CSF significantly increased the frequency of blastocyst formation. A significant increase in total cell number in blastocysts was observed when GM-CSF was introduced into embryo culture.
Similar effects were observed when GM-CSF was introduced to the culture of IVF embryos. The results from the IVF study are shown in Table 2 . Embryos cultured in the presence of GM-CSF tended to show higher blastocyst formation (p=0.1). In addition, culture of IVF embryos with GM-CSF significantly increased total cell number in day 6 blastocysts.
Live piglets were born from embryo transfer experiments. A total of seven piglets were born; two piglets from donor A and five piglets from donor B (Table 3 ). There were no signs of abnormalities at the time of birth.
DISCUSSION
Our results show that introducing GM-CSF into embryo culture media can increase the developmental potential of porcine embryos in vitro. An increase in the frequency of blastocyst formation and total cell number in blastocysts suggest that GM-CSF can be used to produce better quality embryos in vitro. This positive effect is observed in both SCNT and IVF embryos suggesting that GM-CSF can assist embryonic development in various types of embryos.
Our in vivo results suggest culturing embryos with GM-CSF (10ng/ml) is not detrimental to in vivo development of pigs. We've successfully produced clones from day 6 SCNT embryos from two different donor cells, cultured with GM-CSF. Because porcine embryo culture is suboptimal, typical SCNT embryos transfer is performed at the one cell stage. Our results indicate embryos SCNT cultured with GM-CSF can show in vivo development at least compatible to embryos from conventional embryos transfers.
Further studies are needed to elucidate the specific mechanism of GM-CSF on porcine embryos. Also, follow up studies in vivo would help us identify potential application of GM-CSF for pig production. 
